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Abstract: The development of biodegradable polymers for both industrial and 
commercial uses is critical nowadays due to the detrimental environmental 
implications of synthetic plastics. Experimental research on the biodegradation in soil 
behavior of PLA (Poly Lactic Acid) and Corn and Rice Starch-based Bioplastics are 
presented in this paper. The biodegradability rate of these starch-based bioplastics is 
compared to commercially available plastics in this paper. The findings demonstrate 
the bioplastics' viability as a replacement for conventional plastics. The tensile 
strength after one month of PLA 20 film is 14.9 MPa and PLA 50 film is 24.0 MPa. 
Elongation at break of PLA 30 and PLA 75 had already decreased from 17.5 percent 
to 1.3% and from 3.5% to 1.8%, respectively in one month. Corn and rice starch-
based bioplastic that was buried in 15 days has a biodegradability rate of 48.73%, 
while conventional plastic has only a 2% biodegradability rate after 1 year of soil 
burial. 
Keywords: Biodegradability, Bioplastic, Starch, Sustainable 
  
INTRODUCTION 
Plastics have become an indispensable element of our daily life, and humans 
appear to be completely reliant on them. Despite their many advantages, petroleum-
based plastics are harmful to the environment since they are not biodegradable, and 
the dangers of this extremely pervasive plastic trash accumulating in and polluting 
the world's seas, freshwater bodies, and land are becoming increasingly apparent 
(Gasperi et al., 2015; McCormick et al., 2014). Petrochemical-based polymers are 
one of the dominant sources of pollution in recent years. Since the beginning of the 
“Plastic Age” together with technological advancements, consumption and reliance 
on conventional plastics have always been in augmentation. Also, plastics have wide 
applications and have lesser production costs than other materials (Yarsley and 
Couzen, 1941). One of the appealing qualities of plastic is its durability, which could 
take plastics to degrade approximately 100 to 500 years (Lapidos, 2007). Thus, the 
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intoxicating rate of plastic wastes, causes pollution to increase at higher levels 
leading to several environmental issues. These challenges urged scientists and 
researchers to develop a better and sustainable alternative, which utilizes renewable 
biomass sources in the production of biobased polymers. Since biobased polymers 
have a high rate of biodegradability, these developments can help mitigate problems 
concerning conventional plastics (Rosentrater, 2006). 
Only 9% has been recycled, and only 12% has been incinerated, leaving the 
remaining 79 percent to accumulate in landfills or the environment. If current trends 
continue, an estimated 12,000 Mt of plastic garbage will be stored in landfills or the 
environment by the year 2050. (Geyer et al., 2017). Plastics cause plenty of issues 
and have a long list of drawbacks. To begin with, they are non-biodegradable 
(Sanyang et al., 2016). Moreover, the production of plastics consumes a significant 
amount of energy. Furthermore, they pose a significant environmental danger 
(Azahariet al., 2011; Avérous and Pollet, 2012; Jones et al., 2013). Plus, humans are 
becoming increasingly reliant on plastics as a result of the world's developing 
economy and growth, which is boosting demand and resulting in the accumulation of 
plastics in landfills. Plastics are non-biodegradable and float in water, resulting in the 
dispersion of plastic waste throughout the world's oceans. This causes a slew of 
problems, including threats to human and animal health, as well as environmental 
pollution issues such as groundwater pollution and sanitation issues (Al - Salem et al., 
2017). 
Developing bioplastics is becoming a research interest to alleviate the problems 
of plastic pollution in some countries. The Philippines, having 1.88 metric tons of not 
properly disposed of plastic, was ranked third among the countries with the most 
mismanaged plastic wastes (Sheth et al., 2019). In 2016, about an estimated 630 tons 
of Municipal Solid Wastes (MSW) were collected in Cebu City-based on national 
calculations. According to the Department of Public Services (DPS), 460 tons/day of 
waste collection was increased in the city during 2015. The rate of plastic wastes 
generated in Cebu City accounts for 15% shown in Figure 1. 
 
Figure 1. Summary of waste generated of each sector 
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The development of effective and environmentally-friendly plastics is the need 
of the hour. Many researchers have been motivated by the variety of environmental, 
economic, and health issues created by traditional plastics to develop biodegradable 
plastics, also known as bioplastics, which have shown to be environmentally 
beneficial alternatives to harmful petroleum-based plastics (Reddy et al., 2013). 
Renewable biomass sources are beneficial in developing and utilizing plastics that 
can be degraded by microbes in a short period, in this regard, biobased polymers got 
the world’s interest as more environmentally-compliant plastics (Sagnelli et al., 
2016). Biodegradable plastics are created from renewable biomass starch, cellulose, 
chitosan, and protein. Most bioplastics are expected to minimize the use of fossil 
fuels and plastic waste, as well as carbon dioxide emissions. Starch is used to make 
around 50% of the currently available bioplastics. Starch-based bioplastics are easy to 
make and have a wide range of applications in the packaging (Marichelvam et al., 
2019). Bioplastics were designed to be chemically identical to other industrial or 
standard plastics but can be decomposed easily with the help of enzymes, 
microorganisms, or other biological matter. Upon biodegradation, it yields water 
(H2O), carbon dioxide (CO2), and methane (CH4) after fully decomposing in the 
environment. Furthermore, bioplastics are not just biodegradable, but also 
compostable in which they disintegrate into essential metabolites in a compost 
environment leaving no toxicity in the soil. Starch is regarded as one of the best 
biopolymers with high potential due to its ability to biodegrade, the fact that it is 
renewable and abundant, and its low cost (Peelman et al., 2013; Zhang et al., 2014). 
The function of cassava starch for the production of bioplastics is a widely accepted 
approach towards feasible development. This significant evolution initiated by the 
organization shows great potential to rely on eco-friendly plastics than conventional 
plastics not just in the local areas, but also leads to sustainable innovation for plastics 
in our country. 
Many prior studies have attempted to produce bioplastics using natural starches 
like banana peel starch (BinYusoff et al., 2016; Hossain et al., 2016; Mishra et al., 
2015; Astuti and Erprihana, 2014; Sultan and Johari, 2017), corn starch (Lenz et al., 
2018; Patel et al., 2017; Sujuthi and Liew, 2016; Sultan and Johari, 2017; Fabra et al., 
2018), rice starch (El - Naggar and Gh. Farag, 2010; Lopattananon et al., 2012; Dias 
et al., 2010), cassava starch (Syafri et al., 2017; Sujuthi and Liew, 2016; 
Lopattananon et al., 2012; Maulida et al., 2016), tapioca starch (Abral et al., 2018; 
Tsou et al., 2014; Judawisastra et al., 2017), sago starch (Zoraida et al., 2012a, b; Ki 
ing et al., 2011; Zuraida et al., 2012a, b;Zuraida et al., 2011) and potato starch 
(Dawale and Bhagat, 2018;Podshivalov et al., 2017 Muneer et al., 2015; Patel et al., 
2017), etc. 
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Kartik Chandran, a professor in the Earth and Environmental Engineering 
Department at Columbia University who is working on bioplastics, believes that 
compared to traditional plastics, “bioplastics are a significant improvement.” 
Hence this study aims to assess the biodegradability of their products and their 
durability under two methods; soil burial and tensile test using Testometric Machine 
M350 10CT. Thus, this study produces results regarding the biodegradability and 
durability of bioplastic bags. 
PROBLEM STATEMENT 
The consumption and disposal of single-use plastics is global issue. As a 
petrochemical product made from crude oil, plastic can take between 100 and 500 
years to decompose, thus taking up significant space in landfills and our oceans. 
Plastic pollution has been a long environmental issue and society is looking for a 
better alternative to plastics. 
HYPOTHESIS 
This study is designated to assess the validity of the following statements:  
1.  The biodegradability of the Bioplastic is faster than commercialized plastic. 
2.  Bioplastics will completely degrade 
3.  Bioplastic is a good alternative to bioplastic 
4.  Starch-based bioplastics will have lower tensile strength than commercialized 
plastic. 
5.  Bioplastics will have a lower elongation at break than commercialized 
plastics. 
REVIEW OF RELATED LITERATURE 
Bioplastics are plastics made from renewable biological resources such as 
plants, bacterial and algal sources which can get degraded by microorganisms such as 
fungi and bacteria that are present in the soil without releasing any pollutants. 
Furthermore, environmental health is maintained by the use of renewable sources in 
the production process (Thiruchelvi, 2021). 
The most common bioplastics invented and developed were derived from starch 
since it can be easily acquired as a raw material from abundant agricultural sectors. 
Starch-based Bioplastic is mostly made from native starch, either extracted or 
blended with natural or synthetic molecules. Biodegradation of starch-based 
polymers occurred between the sugar groups heading to a deduction in chain length 
and the unlinking off of mono-, di-, and oligosaccharide units as a result of the 
enzymatic attack at the glucosidic relations (Demirbas, 2009). 
PLA (polyactic acid) is produced from corn starch, cassava, or sugarcane sugars. 
It is biodegradable, carbon-neutral, and edible. Corn kernels are immersed in sulfur 
dioxide and hot water to transform corn into plastic, where its components break 
down into protein, starch, and fiber. The kernels are then ground and the starch is 
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separated by the corn oil. Starch consists of long chains of carbon molecules, similar 
to the fossil-fuel carbon chains in plastic. To form a long-chain polymer (a large 
molecule consisting of smaller repeating units), which is the building block for 
plastic; some citric acids are mixed in. PLA can act and look like polystyrene 
(Styrofoam and plastic cutlery), Polyethylene (used in plastic films, packing, and 
bottles), or polypropylene (packaging, auto parts, textiles). Nature Works, based in 
Minnesota, is one of the biggest companies that produce PLA under the Ingeo brand 
name (Cho, 2017). 
PHA (polyhydroxyalkanoate) is made by microorganisms that produce plastic 
from organic materials, sometimes genetically engineered. However, given high 
carbon levels, the microbes are deprived of nutrients such as nitrogen, oxygen, and 
phosphorus. They produce PHA as carbon reserves, which they store in granules until 
they have more of the other nutrients they need for growth and reproduction. The 
microbe-made PHA, which has a chemical structure similar to that of traditional 
plastics, can then be harvested by companies. Because it is biodegradable and will not 
harm living tissue, PHA is often used for medical applications such as sutures, slings, 
bone plates, and skin substitutes; it is also used for single-use food packaging (Cho, 
2017). 
From the laboratory experiments of Rudnik and Briassoulis, the degradation of 
the bioplastic uses a “bioreactor” which is the plastic container containing soil. Each 
PLA bioplastic sample was placed between two plastic nets before it was buried. The 
tests were performed at room temperature with a duration of 11 months. After 7 
months of burial in soil, the first significant changes were observed such as small 
cracks on the sample (Fig. 2) while after 11 months, the degradation of the samples 
was clearly observed by the use of SEM. However, the degree of degradation of the 
sample was still low based on the thickness and the weight of the sample. The thinner 
and lighter the samples, the more changes can be observed in the degradation of the 
material. Photos of PLA samples retrieved from soil were shown in Figure 2. 
 
Figure2. Photos of films inside the plastic nets at different stages of degradation (left 
to right: 7-month and 8-months). 
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Experimental runs of bioplastics and plastics show the comparison of their 
biodegradability rate by short and long-term degradation. For short-term degradation, 
three commercialized bioplastics (PBS, PBS-Starch, PLA) and one petrochemical 
plastic (PA66) with a thickness of 2 mm and a dimension of 3 cm x 3 cm were tested 
for their biodegradability. The samples were buried in a pot containing 100 g of 
agricultural soil with bacterial biomass of 7.5 x 108 cells and a burial duration of 28 
days while maintaining the pots under controlled conditions (25oC and 60% relative 
humidity) including the moisture content of around 35% to 40%. The films were 
recovered from the soil every 7 days and were washed with an ultrasonic washer 
before measuring the residual weights. The results were analyzed in terms of weight 
loss for degradation ratio, and each film was also observed by a scanning electron 
microscope. The results showed PBS-starch and PBS loss of 7.2% and 1.2% in 
weight, while PLA and PA66 did not degrade at all (Adhikari et al, 2016). 
Degradation of bioplastic, in general, is defined as a severe change in its 
appearance, physical properties, and chemical structure (Grifin, 1994). The 
biodegradability of bioplastics was investigated from different environmental 
conditions, such as soil, marine, and other aquatic environments. Among these 
environmental conditions, soil contains a high number of bioplastic-degrading 
microorganisms because of the higher microbial diversity (Anstey et al., 2014) The 
microorganisms in soil are sensitive to environmental changes; this is probably due to 
pollution. There are several microorganisms in the soil that are identified as bioplastic 
degraders; such as Bacillus and Aspergillus species. Generally, the bacteria cells 
present in 1 gram of soil are over 1 x 108 cells (Adhikari et al, 2016). Degradability 
tests on biodegradable plastics showed that they can degrade approximately in 28 
days up to 2 months (Chinaglia et al., 2018). Thus, for economic reasons, the use of 
biodegradable plastics is still negligible (Tien et al., 2009). 
Commercialized plastics are carbon-based polymers. These plastics are mostly 
made from petroleum. The inventions of plastic made life more comfortable as the 
materials that are made are useful. However, plastics do not degrade easily and some 
don’t even degrade at all. The pollution caused by discarded plastics results in a less 
attractive environment. Getting rid of plastic is an extremely difficult process. 
Dioxins which are one of the major causes of Global Warming are released by toxic 
materials. The process of recycling plastics is also difficult due to the variety of 
plastics that are needed to undergo different recycling processes. Conventional 
plastics have less than 2% weight loss for all the treatments after one year. This 
indicated that the conventional materials showed no or very little degradation, which 
was unaffected by the tested environmental conditions. Conventional plastics have a 
low degradability due to their composition. structure. PP and PE have long carbon 
chains, which provide a lot of strength. Low degradability is caused by 
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hydrophobicity, which prevents hydrolysis (Fotopoulou and Karapanagioti, 2017) 
PET is resistant to hydrolysis and microorganism degradation due to its aromatic 
groups, which prevent the breakdown of the ester bonds (Webb et al., 2013), making 
it essentially non-degradable in natural environments (Xia et al., 2014). 
Bioplastics have many advantages over petro plastics, such as non-toxic 
chemicals, a decrease of fossil fuels, renewable and environmentally friendly and 
requires less energy to produce. In the early 1900s bioplastics were started being used 
as candy wrappers only and so their use is not new. They come from natural sources 
thus are expensive and gain considerable importance ( Thiruchelvi, 2021). 
Compared to petroleum-based plastics that decompose after about 450 years, 
most bioplastics can at least theoretically be composted within a short period of time. 
Bioplastics may be a way to get a handle on our overwhelming waste problem, 
despite the enormous amount of plastics used for products today (often in packaging). 
In addition, bioplastics are seen as more environmentally friendly because their 
production often uses less energy and does not cause toxic by-products (Chavers et 
al., 2011; Papong et al., 2014). 
Bioplastics emit nearly fewer greenhouse gases than traditional plastics because 
they’re simply returning the carbon the plants sucked up while growing, instead of 
releasing carbon that had previously been trapped underground in the form of oil. So, 
while bioplastics pollute the environment more during production, they emit far 
fewer greenhouse gases overall than traditional plastics over their lifetime (Gibbens, 
2018). 
Bioplastics are being promoted as an alternative to conventional non-
biodegradable plastics based on petroleum. Their market share is very small (1% of 
all plastics) with a production volume of 2.11 million tons in 2018, but is expected to 
increase in the future (European Bioplastics, 2018). It includes materials 
manufactured from renewable feedstocks (e.g., bio-based polyethylene, bio-PE), 
materials to be naturally degraded (e.g., biodegradable poly-butylene succinate, 
PBS), or both (e.g., polylactic acid, PLA) (Lambert and Wagner, 2017). Bioplastics 
are defined by similar materials on the market, such as starch blends by European 
Bioplastics (2018). Whether these and other plant-based materials that are often 
mixed with synthetic materials (e.g., cellulose and bamboo-based materials) fall 
within that category is currently unclear. Either way, they are manufactured to 
achieve the same role as plastic materials and appear to the consumer as such 
(Zimmerman et al., 2020). 
The term "bioplastics" implies that their petroleum-based counterparts have 
similar favorable characteristics (e.g., cheap, lightweight, flexible) but with the 
positive connotation of "natural" materials. In proportion to, they are marketed as 
more benign and sustainable than conventional plastics. However, there is little 
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scientific evidence that supports such a notion. As an example, in industrial or natural 
settings some biodegradables do not degrade (Haider et al., 2018). The main focus is 
placed either on the production stage (e.g., carbon footprint, renewable feedstock) or 
at the end of life (e.g., degradability) when assessing and improving the 
environmental performance of bioplastics and plastic alternatives. At present, 
performance during the use phase, such as human exposure to chemicals, is often 
disregarded when evaluating the sustainability of the materials (Ernstoff et al., 2019; 
Muncke et al., 2020). 
A study from the University of Pittsburgh in the year 2010 states that even 
bioplastics are generally considered to be more eco-friendly than traditional plastics. 
Seven traditional plastics, four bioplastics, and one made from both fossil fuel and 
renewable sources were compared in the study. Because of the fertilizers and 
pesticides used in growing crops and the chemical processing needed to turn organic 
material into plastic, the researchers determined that the production of bioplastics 
resulted in higher amounts of pollutants. Bioplastics have also contributed more to 
ozone depletion than conventional plastics, and extensive land use has been required. 
The hybrid plastic B-PET was found to have the greatest potential for toxic effects on 
ecosystems and most carcinogens and scored the worst in the life cycle analysis since 
it combined the negative impacts of both agriculture and chemical processing. 
Over their lifetime, bioplastics produce significantly fewer greenhouse gas 
emissions than traditional plastics. When they break down, there is no net increase in 
carbon dioxide because the plants made from bioplastics absorbed that same amount 
of carbon dioxide as they grew. A 2017 study found that switching from conventional 
plastic to PLA based on corn would cut U.S. greenhouse gas emissions by 25%. The 
study also concluded that greenhouse gas emissions could be reduced by 50 to 75 
percent if traditional plastics were produced using renewable energy sources; 
however, bioplastics that could be produced with renewable energy in the future were 
the most promising to reduce greenhouse gas emissions substantially. 
While bioplastics' biodegradability is an advantage, most need to break down 
industrial composting facilities at high temperatures and very few cities have the 
infrastructure needed to deal with them. As a result, bioplastics often end up in 
landfills where they can release methane, a greenhouse gas 23 times more potent than 
carbon dioxide when deprived of oxygen. 
Bioplastics are also relatively expensive; due to the complex process used to 
convert corn or sugarcane into the building blocks for PLA, PLA can be 20 to 50 
percent more expensive than comparable materials. However, as researchers and 
companies develop more efficient and eco-friendly strategies for the production of 
bioplastics, prices are coming down. 
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MATERIAL AND METHODS 
The biobased research approach used in this study is the comparative 
experimental method based in related journals that applied biodegradation standard 
tests and tensile tests between starch biobased plastic bags and commercialized 
plastic bags. The comparative method or the quasi-experiment is a systematic and 
scientific approach used to describe similarities and differences in variables of two or 
more test samples in a setting. Controls and measures are accounted for by any 
change in other variables. For calculations in determining the biodegradation rate, a 
gravimetric method is applied. With this experimental method, the hypothesis was 
answered by reaching valid conclusions. 
The comparative study comprises the biodegradation using soil burial method 
between the bioplastic and commercial plastic samples. 
RESEARCH MATERIALS 
A1. PLA Films 
Based on Rudnik and Briassoulis Research which is “Degradation behavior of 
poly (lactic acid) films in soil under Mediterranean field conditions and laboratory 
simulations testing”, the samples in various forms were acquired from commercial 
sources and used in the experimental studies. For the laboratory studies, two 
representative PLA films with thicknesses of 30 m and 75 m were chosen (PLA 30 
and PLA 75). PLA or Polylactic Acid is a bioplastic produced from renewable 
materials. It is made from sugars in corn starch, cassava starch, or sugarcane. These 
materials were manufactured using Nature Works PLA pellets, according to the 
providers. As a positive and negative reference, filter paper and poly film were 
utilized, respectively. Table 1 lists the properties of the materials investigated. 
 
A2. Corn and Rice Starch-Based Bioplastics 
Based on Marichelvam, J. Mohammad and A. Mohammad’s research is “Corn 
and Rice Starch-Based Bio-Plastics as Alternative Packaging Materials'' the corn and 
rice starch were extracted in the laboratory to make the thermoplastic starch (TPS) 
film. Plasticizers glycerol, citric acid, and gelatin were purchased from Chemimpex 
International in India. Glycerol is used as a plasticizer in rice and corn starch-based 
TPS because of its better mechanical properties and good water solubility, ranging 
from 18 to 25%, though it can go up to 36% (Gómez-Heincke et al., 2017; Gaspar et 
al., 2005). In various ratios, starch, glycerol, gelatin, and citric acid were added to 
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100 mL distilled water. For 10 minutes, the mixture was stirred at 180 rpm. The 
mixture was then heated to 100°C on a hot plate and manually stirred for 70 minutes, 
continuously (Muscat et al., 2012). After that, it was poured onto a Teflon-coated 
glass plate and evenly spread. The mixture dried out in 3–4 days, and the cast film 
was removed. Then, as shown in Table 2, five samples were prepared for various 
corn and rice starch compositions.  
Table 2. Composition of prepared bioplastics. 
 
Research Procedure  
B1. Biodegradability Test under Soil Burial Conditions for PLA Films 
The Soil Burial Test was performed outdoors using a bioreactor which is a 
plastic container filled with soil. The first part of the experiment was the preparation 
of materials. The bioreactors were filled with 2 kg of soil collected from the 
experimental field of AUA in Spata and sieved using a 2 mm size sieve. Each 
“bioreactor” contained 1 sample of a given film in the form of 2 cm × 2 cm pieces 
(for mass change measurements). Each sample was placed in envelops of plastic nets 
and buried in the conditioned soil containing boxes. Studies were performed at room 
temperature and moisture content was periodically adjusted constantly by 40% during 
11 months. 
Procedure for maintaining the 40% moisture content: 
Soil moisture content is expressed on a gravimetric basis. A wet soil sample was 
dried in the oven to remove the water and then weighed the dried soil. The weight of 





Where the mass of the wet soil is the mass of the dry soil. 
After getting the mass of the wet soil, it was subtracted with the mass of the dry 
soil to get the amount of water needed in the soil to obtain 40% moisture content. 
Then the calculated amount of water was added to the dry soil. The bioreactors 
contained with soil and plastics were weighed daily and maintained their weight by 
adding a certain amount of water. 
 The second part of the experiment will comprise the weighing, inspection, 
recording of data. The plastics films were recovered from the soil every 1 month. 
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B2. Biodegradability Test for Corn and Rice Starch-Based Bioplastics 
The specimen was cut into 4.0 cm2 pieces. 500 g of soil (with a slight moisture 
content) was collected and stored near the roots of plants that are rich in nitrogenous 
bacteria. Under the conditions of the room, one sample was buried at a depth of 2 cm 
and the other at a depth of 3 cm in the soil for 15 days. Before and after the testing, 
the weight of the specimen was measured. For visual inspection, scanning electron 
microscopic (SEM) images of the specimen were taken before and after the testing. 
The biodegradability test was measured by Equation: 
Weight Loss (%) = [(Wo − W)/Wo] × 100, 
Where Wo and W are the weights of samples before and after the test. 
C1. Mechanical Testing for PLA Films 
An Instron 4204 materials testing machine was used to measure tensile 
characteristics. The rate of cross-speed was 10 mm/min. For each film sample, five 
specimens were tested. Before testing, samples were conditioned in a climate room 
for 24 hours at 23°C and 50% humidity. 
C2. Mechanical Testing for and Rice Starch-Based Bioplastics 
According to ASTM D882, the tensile strength test was done on the Testometric 
Machine M350 10CT (Salabashi et al., 2013). The grip separation was initially 50 
mm. The cross-head speed was set to 50 mm/minute. The samples were made using 
the dimensions specified in the standard. Each sample measured 30 mm in width and 
110 mm in length. The starch film sample had an average thickness of 0.36 mm. 
Dumbbells were cut from the film samples (five different specimens). Tensile 
strength (MPa) was measured and recorded while stretching. The mechanical 
properties were taken as an average of the obtained data. 
RESULTS AND DISCUSSION 
D. Field test results for PLA Films 
Fig.3 shows photos of PLA samples recovered during biodegradation studies in 
the AUA experimental field in Spata for selected PLA 20, PLA 40, PLA 75, and PLA 
400 film samples. The fragmentation and disintegration of PLA film samples were 
observed after 11 months of burial in soil. After 7 months, the first significant 
changes were noticed. The onset of fragmentation of the PLA film samples appears to 
be related to an increase in temperature in May 2008. The extent of fragmentation 
and disintegration then increased at a faster rate. After 11 months, the disintegration 
of the materials was visible (a strong indication of the material's biodegradation 









Fig. 3. Photos of PLA 20 (a), PLA 40 (b), PLA 75 (c) and PLA 400 (d) films during 
biodegradation studies in the experimental field of AUA (period 1: October 2007–
September 2008), at different stages of degradation (left to right: November 2007 1-
month, March 2008 3-months, May 2008 7-months, and September 2008 11-months). 
The extent of degradation of PLA films is influenced by thickness. The thinner 
the films, the more pronounced changes can be observed, in general. 
 
Fig. 4. Photo of filter paper after 1 month (a), PE film (b) and PLA fibres (c) after 11 
months of soil burial in the experimental field of AUA in Spata, respectively (period 
1: October 2007–September 2008). 
After one month in the soil, all PLA films became brittle. Many cracks were 
visible in samples of thin PLA films. It is noteworthy that worms and roots are 
present during burial in the real soil environment. Plants contributed to the 
degradation (mechanical fragmentation and disintegration) of samples. 
After one month of burial, filter paper (cellulose) used as a positive reference 
degraded completely (Fig. 4a). In contrast, no degradation signs were observed 
during the field experiments for the PE film used as a negative control sample (Fig. 
4b). Even with the activity of plant roots, the surface of the PE film was not broken. 
During 11 months of soil burial at the experimental field in Spata, no visible changes 
(PLA fib) were observed in the fibers (Fig. 4c). 
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Testing of mechanical properties 
 
Fig. 5. Tensile properties after 1 month of burial in Spata: tensile strength for PLA20 
and PLA 50 films (top figure); elongation at break for PLA 20 and PLA 50 films 
(bottom figure). 
PLA film samples of 30, 40, 75, and 400 m thickness were too brittle and broke 
when trying to cut specimens after one month burial in the experimental field as a 
result of the first stage of material degradation. Only PLA 20 and PLA 50 samples 
could be cut for tensile testing, and only during the early stages of soil burial (first 
month). The results for the PLA films that were tested are shown in Fig. 5 (the initial 
values were found to be similar to those reported for PLA (98% l-lactide) in Auras et 
al. (2004)). After only one month of burial, the tensile properties of both PLA 
samples of varying thicknesses decreased significantly. The tensile strength of the 
PLA 20 film decreased almost to one-third of its initial value, from 53.8 to 14.9 MPa, 
whereas the tensile strength of the thicker PLA 50 film decreased by half, from 53.2 
to 24.0 MPa. The elongation at break values was significantly reduced for both PLA 
films tested. This explains why, after one month of burial, most PLA film samples 
were found to be too brittle, with cracks. As expected, the tensile properties of the 
polyethylene film used as a negative control were unaffected. 
The early drastic decrease in tensile strength and elongation at break values of 
PLA films exposed to Mediterranean field soil burial conditions (one month 
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exposure) suggests that the first stage of PLA biodegradation in soil results in severe 
degradation of the material's mechanical properties (i.e., embrittlement), leading to 
gradual slow disintegration of the material. Similar results were obtained when the 
PLA films were subjected to laboratory-simulated soil burial conditions. In all cases 
tested under both soil burial conditions, the decrease in elongation at break was found 
to be greater than the decrease in tensile strength. This confirms previous research 
findings under different climatic conditions. According to (Maharana et al. 2009), 
non-enzymatic hydrolysis of PLA is preceded by an apparently inert first stage of 
degradation with no weight loss but resulting in random cleavage of the polymer 
chain backbone (endo-type degradation) with a concomitant significant decrease in 
molecular weight, resulting in a decrease in mechanical properties such as tensile 
strength and elongation at break. 
Laboratory test results  
 
Fig. 6. Photos of PLA 30 (a), PLA 75 (b) and PE film (c) samples after 11 months of 
soil burial at the laboratory 
Fig. 6 shows photos of samples taken during biodegradation under simulated 
soil burial conditions. After one month, the first changes in the filter paper (cellulose) 
used as a positive control could be seen. There were a few small fragments that 
remained in the soil. The cellulose in the soil disintegrated completely after three 
months in the laboratory. PLA 30 and PLA 75 films, on the other hand, did not 
disintegrate after 11 months in the ground. However, as in the field experiments, the 
PLA films become brittle and creased with some cracks, indicating the start of 
mechanical degradation (hydrolysis stage) of the material. Similarly, the optical 
properties of small samples (size 2 cm2) used to determine mass loss remained 
unchanged. During the laboratory's soil burial trial, no mass loss was observed for 
PLA films. There were no visible degradation traces on the fibers under investigation. 
The PE film used as a negative reference remained unchanged. 
The effects of burial time on the mechanical properties of PLA 30 and PLA 75 
films are shown in fig. 7. During soil burial, tensile strength and elongation at break 
both decreased. The tensile strength of PLA 30 film decreased up to 1/3 of its initial 
value (16.1 MPa) after 7 months, whereas the tensile strength of the PLA 75 sample 
decreased to a lesser extent, i.e., up to 5/6 of its initial value (48.4 MPa), exhibiting a 
large variability during its burial in soil period. The PLA samples' elongation at break 
"Science and Education" Scientific Journal / ISSN 2181-0842 November 2021 / Volume 2 Issue 11
www.openscience.uz 270
was significantly reduced, a behavior similar to that observed with samples exposed 
under real field conditions. 
 
Fig. 7. Tensile properties during simulated burial at laboratory: tensile strength for 
PLA 30 and PLA 75 films (top figure); elongation at break for PLA 30 and PLA 75 
films (bottom figure). 
The values of elongation at the break of both PLA films decreased dramatically 
as the laboratory simulated soil burial progressed. After 1 month of burial, the 
elongation at break of PLA 30 and PLA 75 had already decreased from 17.5 percent 
to 1.3% and from 3.5% to 1.8%, respectively. The effect of soil burial on 
degradation, as measured by tensile properties, is more pronounced for the thinner 
PLA 30 film than for the thicker PLA 75 film. During the simulated soil burial 
laboratory experiments, the PE film's tensile properties were unaffected. 
D2. Test Results for Corn and Rice Starch-Based Bioplastics 
Biodegradability Properties 
On the sample with the best tensile, water absorption, and thickness results, a 
biodegradability test was performed. The biodegradability of the S5 sample was 
investigated. The weight loss of S5 indicated that the specimen was being degraded 
by microorganisms. Both buried samples degraded at the same rate at different 
depths. The Wo and W values of the buried samples were as follows: 
Wo = 0.474 grams and W = 0.243 grams 
where the weights of the samples before and after the test are Wo and W. 
 
Figure 8. SEM images of S5 (a) before degradation, (b) degradation depth at 2 cm, 
and (c) degradation depth at 3 cm. 
Figure 8a shows S5 before burial, Figure 8b shows S5 after decomposition 
under 2 cm depth, and Figure 8c shows S5 under 3 cm depth. 
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On the bioplastic samples, SEM examination revealed microbial degradation 
activity. The material's surface structure had become uneven, and flaws were visible. 
The structure of the sample showed a lot of variation. The biodegradation progression 
over the bioplastic film was also proved by SEM images, which revealed flaws and a 
loss of filmy nature. After the testing practice in real environments was completed, 
visual changes to the samples were observed. When the samples were handled, they 
disintegrated. As a result of the weight loss method and the SEM analysis, 
biodegradability of starch-based bioplastics can be concluded. The rate of 
degradation is influenced by environmental factors like temperature, moisture, and 
biological activity. 
The biodegradability of the sample placed in the soil at a depth of 3 cm was 
48.73 % after 15 days. 
Tensile Properties 
 
Table 3. The tensile properties of various samples. 
Table 3 shows the tensile strength of the TPS, Young's Modulus, and the 
elongation of the film at the breaking point for the samples. As a plasticizer, glycerol 
made the film more flexible by reducing the intermolecular bonds between the 
polymer chains and changing the mechanical properties. The impregnation of rice 
starch increased the mechanical resistance of the film against rupture by nearly 1.5 
times compared to a non-impregnated counterpart (Larotonda et al., 2004). As 
anticipated by the increased density of crosslinking, the mechanical properties of the 
starch binding of ether or ester linkages amongst hydroxyl (-OH) clusters in starch 
have been improved (Sirivongpaisal et al., 2014). The S5 has good tensile properties, 
as shown in Table 3. 
CONCLUSION 
Bioplastic is a significant innovation that will have safe and environmentally 
friendly alternatives to commercialized plastics. Based on the experiment the results 
showed that the samples prepared from the corn and rice starches have better 
biodegradability than the existing plastic materials. Bioplastics will truly degrade in 
months and they can degrade faster than commercialized plastics. The sample has a 
biodegradability of 48.7%, which can be achieved in 15 days. Bioplastics have less 
tensile strength and elongation at break than commercialized plastics when buried on 
the soil, the maximum tensile strength of the bioplastics is found to be 12.5 MPa. For 
PLA samples the results of 7 months of soil burial (period June 2008–January 2009) 
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confirmed the results obtained from a previous trial during 11 months soil burial in 
Spata (Greece) (October 2007–September 2008). Soil burial tests reveal that PLA 
degradation in the actual world is gradual. Although changes in mechanical 
properties (brittleness) and visual deterioration during soil burial were seen in both 
the first and second trials (Winter-Summer vs. Summer-Winter period), it was 
discovered that total breakdown of PLA samples requires more time and/or a higher 
temperature. On the other hand, the degradation of conventional plastics under soil 
burial tests showed 2% weight loss after one year. This indicated that the 
conventional materials showed no or very little degradation after a year of exposure 
to the soil under various environmental conditions, as evidenced by weight loss. 
From the above test results, it can be concluded that bioplastics can be used as 
an alternative to commercially available plastics and it will help reduce plastic 
pollution. However, Bioplastics are not the only solution to the plastic pollution 
crisis. Changes in consumer behavior regarding the purchase, use, and disposal of 
plastics, as well as widespread public understanding of bioplastics, are also vital in 
achieving plastic pollution control. Moreover, effective implementations of 
collection, sorting, and recycling practices are essential to avoid some of the 
environmental problems like uncontrolled dumping on land and disposal at sea, and 
the related emission of toxic substances. 
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